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I : Abstract. A review of the cepstral method
~etermlnation for motion blur and out-of-focus lens ,

of blur

\blur is given, A review of the maximum a posterior ,
, restoration (MAP) method is given. The reasons for ;

~this method producing few artifacts are discussed.
,Results of the complete image restoration process are \
I given.

I I
I

I I
1

In~roduction
I

Image process~ng and pattern recopni - I

‘tion have been used in the field of law en-’
Iforccment for some time. Perhaps the area
!with the longest history is automatic fin” ~
Igerprint analysis,l One of the least used
‘fields is that of ~mage restoration and en-
hancement, Although there have been past
Icases where procesped ima~es were intro-
duced as evidence, the results of such pre.
sensations were leks than spectacular, in-
deed in many casesl this evidence was dis-
credited. In view’of past history it is
;important fur the

\
aw enforcement community’

Ito know the cnpabi ities and limitations of
Iimage restoration, l

1
There are thrje steps in restdring any

ima e,
i

The first 1s to select an adequate ~
at ematical model lfor the system that
aused the degradation of the iltiage, The !

second is to obtain the necessary
{

arameteri
that define the sejected model, T e last ‘
ater) is to choose a method of restoration

1
tha~ is consistentlwith the modcl”end-

As an expmplel let us consider a
linear system. Th[s type.of system C{

sed for lcw contrQst film or televis,
images, The mathematical description
this is

I

data,

simpl~
nbe,
on
of

(1)

[rice 1

here f is the ide 1, uncle radad image;
?h is the s a e.invar ant blur;

n is siJnO !/ . ndependent noise;

4

is the deg adod recorded image~
represents, convolution,
haVe determined that this motl?l is

,adoquate, there are two system
1

arrmeters ‘
which must be deteAh4#+-4&~ W h-red- l--
-the noise, n, I

ror~~erformed under the auspices of the
.S, Do artment of Iinergyl Contract No.

Ii7405-B G-36,

I

I

The noise, of course, can never be
known exactly, What is Irequired by most
restoration methods is tihc statistical
characterization of the hoise, The hOOk
by Andrews and }Iunt] discusses several
methods of obtaining this characterization,

This paper will be concerned with a
method of determining the blur h from the

idcgraded image F, and with a description
of a restoration method of particular in-
terest to the law enforcement community.

Blur Detect’ion—,—
I

I

I

Many discussiorls on: image restoration
assume thnt an exact knowledge of the blur’
is available, In realit’y, such knowledge
is almost never provided’ with the blurred
photo,but must be deduce’d, Recent work hus
shown’ that two common bllurs, motion and
defocus, imbed telltale signatures in the
blutrecl pictu?e, Proper ana;ysis allows
the severity of these blurs to bc
determined,

Both motion blur and defocus blur dc-
!itroy information in the photographed
scene, This 10SS of information [,ccurs
because these blurs have, zeroes in their
frequency domain transfer functions, In
the case of linear motion blur or an out- ~
of-focus lens, these zeroes occur in n
periodic pattern defined by sin(x)/x or :
J (R)/R res ectively, While it is some-

1 k’t mes possi le to detect these patterns by
eye in the freq’~ency dommin, the presence
of noise and nenr-random’ image information
usually make this approach difficult, Tht* ,
periodic zero

1
attern cah be m-de more

visible throug an avera~ing scheme thnt i;
used in power-spectrum ●’ timation,

f
An un-

usually good example of h~s is shown in
FiR, 1, which wan computed from an out.of-
&w.lu+hatqf#apJJ.- ----

2*~hat even !M moreIt has been shown
difficult cases, the pattern of zeroes cnn
be identified ●nd used to determine blur

1
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Fig. 1, Power spectrum of out-of-focus
image,

severity. This is dcme by computing the
power cepstrum of the picture. The power
cepstrum is defined as the Fourier trans-
form of the logarithm of the power spectrum,
In the power cepstrum domain the circularly
symmetric zero pattern of a iefocus lens
shows up as a ring oi” spikes, The zeroes
of a notion blur are dentited by peaks that
identify both the direction anti extent o:
the motion,

The mathematics involved in nomputin~
the power cepstrum are straightforward. ‘
lie will use the imaSe formation model de-
scribed by (1), The power spectrum fo; L
is co p ted using the method propt<ed by
We~ch?,? and results in

: og(u,v) ■ +f(u,v)lti(u,v)lz+ On(u,v) (2;

I I
I

i
,where 0 denotes tht power s ectrum oi the :

{subscript si~,l~al and H is t e Fourier trans;
form of h, The power cepstrum is defi~ed

,as I
Pg(p,q) ● F(log 9g(u,v)l ,

I
(3)

lwher?F denotes th&Furiert ranaform, Itl
is in the powc.r ce st’um where the telltale

!spikes from motion or defocus blur can be I
readily identi~iedj Fig, 2, is the Cep”
strbm of an out-of-focus picture, Th? ra-
dius of the ring of spikes ~ndiCate8 the
extent cf defo:us,

I Rcst~rtstion.——.—.—- 1

Fig, 2. Cepstrum of out’-of-focus image,
I
I

error (Wien:r),6 power *ectrum equali:a
tion (PSE) ,’-constrained least squares de-

! convolution, ‘ and maxim~ a posteriori
(FIAP) restoration.a,g Each of these

schemes optimizes some function of the re-
stored signal. Each of ,thc methods assumes
a well-defined signal degradation model
(usually linca~), How does the user of
these methods know which one to choose for

: a specific application?

Of course, the answer depends upon
i the application, Some methods that work
I We]l for discrimination of point sourcns
‘do’not work well on extended objects. In

order to gain some insight for choosing
the appropriate restoration method, let us
consider the linear image formation system
(l). The general nonlinear cas(: has been
treated 89 but for illustration purposes
the linear case is adequate,

The noise in the limear model plays
a very important role, It is this uncer-

tainty that prevents us from obtaining a
I perfect restoration, Indeed if we knew the

original signal and tried to duplicate the
data by passing th~ original through the
blur, the difference would bc thr noise,
i.e.,

I
I

(4)

which is just (1) rew~it,ten, From this re~
latioa we not~ that the Tesidual defined

,I)y (4) should be nojsc, We can now define
a class F of feasi~tle solutions ● s:

&
is

a member of F if :ne residual,
!

-hnf[),l
ha? the characteristics bf the nown noise,
This also demonstrates the uncertainty nf :
choosing ●ny member of tpis class as Qs I
restoration, , I

I
I

The goal of any siBnal restorttior!

r
1

In most cases the n’ iar, n,
$

is afisumed
cthod is to produce sin estimate of m ori? uncorrtslatod, This shou d be a character.

inul signal from a degruded version of that

1

istic of the r?sidu~l also. However,

I

signal, The gearch fo- the criterion for ---- **mM4eA-W+* 4e+oorrelat ion are ex.
determining the op:imal estimate keeps A

--l ~

tremely compl~x snd for ~hutocorrolstion ar
lar~e number of nigrial procossurs off the unknown to these ●uthors. A simple test i
bTead lines. Amon&

L

:ne restoration methods to calculate the residual and examine it b
cu~rently in une a e tuaxtmum likelihood eye, In the cat. of im ea the eye is a

aximum ●ntropy,4)~ minimum mean square J !very good ●stimtor of s gnificant

Ou ——-
●M!NTINO Am#A LIMIT . NO CC)PV ● CLOW 7)419 Llh16

—. 00

F1
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If the eye can readily detec
—~nc’

}.ithin some c. Since the solution is not a’
patterns in the residual, then there is single step procedure, it can be closely i

Insignificant correlation between pixels. controlled, Other constraints, such as

In the actual computation of the re.
positivity, can be checke, at each step.
Because of this control on the soluti~n, :

‘stored estimate, it is tractable to use the method yields a restgred signal that is
~only the most ele~~-~xa@~~i~ _ --- 8Mk.fLkdlL<=6)&CLf-8Z4&hCtS. The h!AP

‘of the noise, The, one iost commonly used
~is the variance. we will modify the defi-
nition of a feasible solution to include a
Ilarger number of members by saying a SOIU- I
tion fo is feasible if

1

Ig h @ f012= Inlz, (5)

Even with this extended definition we have
eliminated most signals from the solution
space,” We have overcome a common objection,
that any signal can be produced from any I

other signal.
1

The fact that the condition (5) is
!weaker than requiring the residual to be ~
‘uncorrelated can be partial]
~using sectional processing,]

$ o~ercome by
he condi-

tion (S) ‘,s an average measure, If the I
condition is met uniformly over small local

~areas, the result will oe a more globally
lstationary residual, This will Bivc R more
Iuncorrelated visual result,

I
Among the many restoration method’;

lth~~e ‘are only a few which are designed to \
,sa isfy the feasibility ccndition (5). The
lone we will discus? here is maximum a POSW :
Iteriori (MAP) rest ration. Others that

Ialso satisfy (S) a e found in References S
and 7. The MAP estimate, f~p, is the si~nal;
~t~;tgfaxifiizes the;a posterior probability”

RI We assumet hat we know the blur,
1, n ~1) and the h priori probabilities

1
IP(g f) ■ p(n) and $(f), The details of the
Ider vation of this solution are found in
‘Reference 8, The ~olution I::;1::y:n5::s::a5ihieismost probable

To show the fact thet this ~
it is only necessary ,

to note the equivale~,co of the problem to
~the constrained minimization problem I
I minimize lRf @ (f-~)1

!subject to Ig - h ~f12 : ln12 ,
I

where ; is the meud and Rf the covariance

t
of the distrioutio p(f), This equivalence
is demonstrated inlReference 9,

ln ~c:u:l#;\i:e#:: ::~:::o,or
choose

1

this cmse the SOIU ion is the member of the
c1 sri of fessible olutions which is the
closest to the rec rded dmta,

‘-tThe solution mq Ko2-f&r-FKe-fio3ri%6~r--
imnge model case is iterative. The scheme
in usually started with f. ● g snd moves

successively toward the solution until the
feasibility criterion (S) is satisfied to

,00“ •~lNTINaAMBALIM=

r . .........
ethod has been shown to~be-equal to or

better than other commonly used techniqucsll
altl?oufh computing costs ~make it unattrac.
tive in some cases. I

Examples

To show the minimal [production of arti-
‘ficts in the HAP restoration we will use
I)le examples presented id Reference 11. The
ldegraded imafe (Fi~. 3] was restored by two
Ilinear filters, ”Wiener” (~iF. 4) and poicr

Fig, 3. Blurred harbor scene.

Fig, 4. Wiener restoration of Fig, 3.

r7
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a DOUBLE COLUMN REC” CED TO 7x9112

o SINGLE C~LLIMrd REOLICED TO 7“x91’2°

A SLUGLE CO.UMk REDIJCEG TO a lIS’SX73K=
r

Fig. S. PSE re~torat ion of Fig. 3.

~::~:~ equalization (Fig, 5) , with poor
The MAP restoration (Fig. 6) is

learly supericr b~cause of the almost to.
al absence of art~facts.

The use of theiMAP algorithm on photo-
graphic evidence is shown in the JCStOrfI-

ion (Fig, S) of the blurred license plate
Fig. 7). This islan actual in~camera de-

1

ocus blur that co Id be encountered in
eal working condi ions. The power cep~
trum blur identif cation method described
●rlier in this paper w’s used to ascertai
he extent of defob:w - While the restora-
tion in*Fig. 8 is qui,e good, it should be
Dinted out that the noise was smail in
his case. In cas~s where the information

1

Fig, 7, Out-of-focus liconm plsto (in”
Cmcra blur),

00

!

I

I

Fig, 6. MAP restorat on of Fig. 3. !4
I

●sired is at the film r~solution limit,
esults cannot be nearly ias gcod.

The MAP restoration !process was ap-
lied to the Zapruder film during the inves ●

igation of the )Iouse Select Committee on
assassinations. The film was in color and
h’~s was scanned three times hrough the
ed, green, and blue primary filters. Each
I! the three color scans Iwas processed seP-
rat.ely accordin@ to its Iown particular
haractcristics. Each enfulslon had its own
1 log E curve, ●nd each Had a different
Ioise level. The three ~estored imapes
ould be viewed separately or combined to

‘1‘orm the color restorati ;.

1
I

Fig, 8. MAPraataration of FiB. 7.

DC
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1 Conclusions s. S, J. Wernecke, L. R. D’Addario, “}!axi- ‘-
mum Entropy Image Reconstruct ion,” IEEE

We have reviewed the methods for de- \
Itermining the type and extent of blur di

Trans. Comput. , Vol. C-26, No. 4,

1

pp 351-364, April 1977.
rectly from the depraded photograph. We
have reviewed the MAP restoration method, 6. C. W. Helstrom, “Ima e REstoration by

4Its use in the area~f-u~f~’~==- ---r--~tf.u~~~=i~~t quares,” J. OPt.
~reconunended because of its controlled be- ,, Vol. S7,,pp 297-303,
havior and itsproduction of few artifacts~ March 1967. I
Examples were shown to sustain this
recommendation. I
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